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1
METHOD AND APPARATUS FOR
MINIMALLY INVASIVE SURGERY USING
ENDOSCOPES

This patent application claims the benefit of U.S. Provi-
sional Application No. 60/690,339, filed Jun. 14,2005, which
is hereby incorporated by reference herein in its entirety.

BACKGROUND OF THE INVENTION

The present invention relates generally to image guidance
for minimally invasive surgery and, more particularly, to aug-
mented reality visualization using endoscopes.

Minimally invasive surgery is becoming increasingly
widespread due to the benefits to both the patient (i.e.,
decreased morbidity and faster recovery) as well as the ben-
efits to the insurance industry (i.e., less hospitalization time
and lower cost). Typically, minimally invasive surgery
involves creating one or more small incisions and performing
any surgical tasks through those incisions using specialized,
frequently elongated, surgical tools.

As one skilled in the art will recognize, visual feedback is
essential to such minimally invasive surgery. Typically, visual
feedback in such surgery is obtained via an endoscope, which
is an optical or optoelectronic viewing instrument that is
inserted into a patient’s body to provide a local view of the
surgical site. As one skilled in the art will recognize, an
endoscope is a small, flexible or rigid tube capable of imaging
an area inside a patient’s body via a lens connected to or
integrated with the end of the tube. Light is delivered to the
area to be imaged, for example, via one or more optical fibers
within the tube. This light is reflected off of surfaces within
the body and is focused by the lens onto the one or more
optical fibers and delivered to a display in, for example, an
operating room. Many different types of endoscopes have
been developed for use in different surgical procedures. For
example, flexible endoscopes are used for surgeries in the
ear-nose-throat and gastrointestinal fields. Specialized flex-
ible endoscopes, called bronchoscopes, are used for proce-
dures in the bronchial tree of lungs. Rigid endoscopes are
used in other types of procedures. For example, rigid endo-
scopes called laparoscopes and thoracoscopes are used in
surgeries of the abdomen and thorax, respectively. The result-
ing images from such endoscopes are used by a surgeon to, for
example, accurately position surgical instruments or to diag-
nose various conditions. The accuracy of position of the endo-
scope as well as the surgical instruments becomes increas-
ingly important as the difficulty and delicacy of a procedure
increases.

For example, positioning and visualization of an endo-
scope and surgical instruments is critical in surgical proce-
dures such as minimally-invasive thoracoscopic spine sur-
gery. The goal of such surgery is typically to remove a
damaged disc between vertebrae or to fuse vertebrae by filling
a gap between vertebrae with bony material which, over time,
grows together with the vertebrae. Performing such spinal
surgery without opening a patient’s chest and, instead, using
minimally invasive surgical techniques, poses several chal-
lenges. First, guiding instruments such as a thoracoscope to a
specific vertebrae is difficult since a physician cannot simply
count vertebrae along the spine from inside the thorax. Sec-
ond, the thoracoscope’s field of view is somewhat limited
and, therefore, it is difficult to judge depth of penetration from
only the endoscope’s image. Success of the procedure, how-
ever, is highly reliant upon accurate three-dimensional posi-
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2

tioning of the endoscope and manipulation of the surgical
instruments in order to prevent potential damage to the spinal
cord.

Recently, in some attempts to increase the information
available to surgeons, visual information from an endoscope
has been combined with virtual information, for example
derived from a Computed Tomography (CT) or Magnetic
Resonance Imaging (MRI) image collected prior to an opera-
tion. For example, in one such attempt, optical images from
an endoscope were shown side by side on a display in the
operating room with matching virtual images derived from
such CT/MRI images. Thus, illustratively, a physician could
see both a virtual and optical image of an area inside a
patient’s body and then, for example, the physician could
manipulate the virtual display to “view” behind a structure or
obstruction in the body. However, while this method provides
added benefit over the use of an endoscope alone, it does not
significantly add to the ability of navigating an endoscope in
more difficult and delicate procedures.

In another attempt, virtual images of a patient’s internal
anatomy obtained via CT/MRI scanning are mapped to an
actual image of the patient. Views produced by such a proce-
dure are referred to herein and are known in the art as aug-
mented reality views. In creating such an augmented reality
view, the virtual images are registered to a patient coordinate
system, represented by markers attached to the patient. A
pointer, the position of which is tracked in reference to the
patient coordinate system, can then be visualized in the con-
text of the imaging system so that a user can look at a display
and see a model of the pointer in relationship to the anatomi-
cal structures of the medical image. However, this method
only uses the virtual images and the location of a pointer with
no endoscopic or other local images. Therefore, such a
method is not sufficient for the aforementioned delicate or
difficult procedures.

SUMMARY OF THE INVENTION

The present inventors have recognized that, while the
aforementioned methods for minimally invasive surgery are
advantageous in many regards, they are also limited in certain
aspects. In particular, the present inventors have recognized
that there is a need for an improved method of presenting a
physician with a display for use in surgical procedures that
combines images from, for example, an endoscope, with
three-dimensional images obtained via, for example, CT or
MRI scanning. Therefore, the present inventors have invented
a method and apparatus presenting such three-dimensional
data to a physician for flexible navigation of an endoscope
and surgical instruments with respect to anatomical struc-
tures. In accordance with a first embodiment, a first set of data
corresponding to a three dimensional model of a patient’s
anatomy is received. This three-dimensional model may be
rendered from images taken in CT or MRI scanning, as dis-
cussed above. In accordance with this embodiment, this
model is then combined with a second set of data correspond-
ing to a view obtained from an endoscope. In another embodi-
ment, the view from the illustrative endoscope is displayed as
an inset image on the display of the three-dimensional image.
In yet another embodiment, the three-dimensional image
comprises a graphical representation of at least a first surgical
instrument, such as said endoscope. The surgeon may select
among various combinations of views and may zoom in or out
from any particular view.
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These and other advantages of the invention will be appar-
ent to those of ordinary skill in the art by reference to the
following detailed description and the accompanying draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an illustrative image visualization system in
accordance with an embodiment of the present invention;

FIG. 2 shows an illustrative graphical representation of an
endoscope;

FIG. 3 shows an integrated display for visualization of
images useful in surgical procedures;

FIG. 4 shows a method in accordance with an embodiment
of the present invention; and

FIG. 5 shows a schematic diagram of a computer adapted to
perform the steps of a computer program to calculate and
display visualization data in a three-dimensional visualiza-
tion system in accordance with an embodiment of the present
invention.

DETAILED DESCRIPTION

As discussed above, in order to perform difficult surgical
tasks such as those difficult minimally-invasive tasks dis-
cussed above, it is desirable that a physician 101 has as much
information as possible in regards to the positioning of the
surgical instruments and endoscope with respect to anatomi-
cal structures. Therefore, in accordance with the principles of
the present invention, a flexible navigation and visualization
system is provided. FIG. 1 shows an illustrative endoscopic
imaging, navigation and visualization system 100 in accor-
dance with an embodiment of the present invention. Referring
to that figure, physician 101 is illustratively a surgeon per-
forming thoracoscopic surgery on patient 107 tying on surgi-
cal table 111. Surgeon 101 manipulates surgical instrument
109 to accomplish predetermined surgical tasks, such as
removing material from between vertebrae in the spinal col-
umn of patient 107 or, alternatively, fusing multiple vertebrae
together, as discussed above. Visualization system 100 also
has, illustratively, computer 103, camera system 110 and
endoscope 108 for producing images to assist physician 101
in performing surgery.

System 100 is capable of selectably presenting multiple
views to physician 101. Specifically, at the physician’s
option, a variety of different views of the patient’s anatomy
and surgical site can be shown. These views can be a single
type of view or, alternatively, a combination of views that best
support the current surgical task. More particularly, the phy-
sician may select, illustratively, a global view, which is a
virtual view from the perspective of the physician. In such a
view, the current position and orientation of the surgical
instruments and endoscope are tracked, as discussed further
herein below, and are graphically shown in the context of a
three-dimensional model of the patient’s relevant anatomy.
Such a global view may consist, for example, of a combina-
tion of preoperative images (e.g., CT or MRI scan images) of
the patient, live visual images of the patient captured by one
or more video cameras, and positional information of the
medical instruments and the endoscope. This latter positional
information may consist of graphical representations of the
instruments and their movement with respect to the global
view. In addition to the global view, in accordance with
another embodiment of the invention, the physician can select
for display a local view of the surgical site, which is an optical
view from the perspective of the endoscope/thoracoscope.
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4

Such a view may also be enhanced with virtual images from
the aforementioned preoperative CT or MRI scans.

In order to produce these views, various types of data must
be collected and stored in illustrative computer 103 for use in
system 100. As discussed above, this data can originate from
a variety of sources. In particular, the aforementioned
CT/MRI images can be obtained from preoperative CT/MRI
scanning and the resulting image data stored in computer 103.
This image data can be used, as discussed herein below, to
create and display a virtual image of the patient, including
internal anatomical features. In addition to this virtual data,
one or more cameras in the operating room can provide live
image data of the patient. Such cameras can be, illustratively,
mounted on the ceiling of the operating room to provide, for
example a stereoscopic live view of the patient. As also dis-
cussed above, images from the endoscope can also be col-
lected and can then be stored in computer 103. Once this data
is collected and available in computer 103, many different
views may be created during surgery and displayed to the
physician 101. Specifically, by linking and synchronizing the
images and then combining some or all of the above data
types together, as well as data related to the perspective of the
surgeon and the location of the surgical instruments, a phy-
sician can select different views and different perspectives in
order to guide the performance of surgical tasks and, in more
particularity, the position of an endoscope or other surgical
instrument while inside a patient’s body.

In order to use the image data collected as discussed above,
the images data must be linked and synchronized and, in
addition, some method of providing perspective to a physi-
cian’s view must be provided. Specifically, in accordance
with other embodiments of the present invention, various
different combinations of views are possible. First, in one
embodiment, a virtual view of a patient is created for viewing
by a surgeon. In order to create such a virtual view, as dis-
cussed above, preoperative CT or MRI virtual images are
stored in the computer 103. By providing input as to the
position and orientation of the surgeon and, more particularly,
asurgeon’s head and eyes, a view of the virtual images can be
provided corresponding to that position and orientation. For
example, such position and orientation information of a sur-
geonmay be provided by atrackingdevice 102 in FIG. 1, such
as an optical, magnetic, gimbaled or other well-known track-
ing device, worn by the surgeon on a head-mounted unit. By
tracking the movements and orientation of the surgeon’s
head, and providing that information to the computer 103, the
virtual images can be displayed in way such as to correspond
to a global virtual view from the perspective of the surgeon.
Once this virtual view is displayed, other display views may
illustratively be combined in the display. For example, in
accordance with another embodiment, a live optical endo-
scopic view can be inset into the virtual view, thus providing
an actual view of the local surgical site near the endoscope. In
yet another embodiment, the location of the endoscope, as
well as illustratively the optical axis of the endoscope view
(i.e., the viewing direction of the endoscope), can be graphi-
cally provided and displayed in the global virtual view. This
view may also include a graphical cone corresponding to the
field of view of the endoscope. Such a view is shown in FIG.
2. For example, referring to that figure, endoscope 201 is
displayed in a graphical display having optical axis 202 and
field of view cone 203, thus providing a surgeon with orien-
tation information for the endoscope. This may then be com-
bined with the global virtual view and the intersection of
surface structures as imaged in the CT/MRI images. Thus,
when coupled with the live optical view from the endoscope
illustratively inset into the virtual view, the physician has both
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a global view of the patient, a graphical representation within
that global view of the precise location and view of the endo-
scope, as well as alive optical local view of a patient’s internal
anatomy from the endoscope. In addition, in accordance with
another embodiment, the live image from the endoscope can
be mapped onto the surface structures rendered in the virtual
scene. The resulting image would consist of a live image
overlaid directly onto the virtual image in order to provide an
integrated three-dimensional view of the local area of the
endoscope. These images may, illustratively, be displayed in
an augmented reality visualization in which a view captured
by a video camera is combined with a virtual view, as
described above. FIG. 3 shows how such an overlaid image
might appear. Specifically, referring to that figure, display
301, which is illustratively a display of a stereographic head-
set on a surgeon’s head, may show an image of a patient’s
body 302. This image is, illustratively, a live image of the
outer surface of the patient’s body as well as a virtual image
of'the internal anatomical structure comprising, for example,
structure 303. As can be seen in this image, endoscope 304 is
inserted through incision 305 to position 306. Medical instru-
ment 307 is inserted through incision 308. Various tracking
methods, discussed herein below, are used to present a graphi-
cal image of the endoscope 304 and instrument 307 for view-
ing ondisplay 301. Display 301 also shows illustrative optical
axis 309 of endoscope 304, as well as viewing angle cone 310.
The intersection of viewing cone 310 is, also illustratively,
mapped onto structure 303, providing feedback of the view
endoscope 304 is capable of providing. A live view of endo-
scope 304 is shown in overlay window 311 and shows the
surface of structure 303 as well as a portion of instrument 307.
Thus, by monitoring both the graphical and live images dis-
played on display 301, a surgeon can obtain an overall
detailed view of both the surgical procedure. A surgeon can
then “zoom” from outside a patient’s body to view a CT scan
or MRI-based image of the internal anatomical structures at
will. Such detailed and linked information greatly enhances
the ability of the physician to perform difficult and delicate
procedures.

In addition to providing the various live and virtual ana-
tomical views described above, it is also necessary to have a
precise view of the location and orientation of the surgical
instruments, including the endoscope, for viewing in both
integrated and stand-alone views. Such a precise view may be
achieved by using a well-known tracking system, such as a
marker-based optical tracking system or a magnetic tracking
system. As one skilled in the art will recognize, such an
optical tracking system may be used for tracking objects
outside a patient’s body while a magnetic system is useful for
tracking the position of objects, such as medical instruments,
while inside the patient’s body. Optical tracking systems typi-
cally make use of passive (e.g., retro-reflective) or active (e.g.,
infrared) optical markers that are attached to the object to be
tracked. The markers can be found relatively easily in infrared
camera images. Then, via well-known image processing tech-
niques, the two dimensional location and orientation of the
markers in the image can be compared with the predeter-
mined location of the markers on the object to be tracked.
From this, the orientation of the instrument can be identified.

One skilled in the art will recognize, as discussed above,
that such an optical tracking method is only useful for objects
and markers that are external to a patient’s body. Additionally,
one skilled in the art will also recognize that such a method
may be useful for rigid objects partially inserted into a
patient’s body. For example, when rigid endoscopes are used
in medical procedures, the length and position of various
portions of the endoscope that are inside a patient’s body may
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be derived from the position of other portions of the device
that are external to the patient’s body. This is because the
relative position of the different parts of the endoscope are
known and do not change. Thus, for example, by placing
optical markers on portions of the endoscope that are external
to a patient’s body, the position of the lens of the endoscope
can be determined by comparing the relative three dimen-
sional positions of the markers with the known location of
those markers on the endoscope.

However, in order to track other devices, such as flexible
endoscopes and medical devices that are substantially
inserted into the patient’s body, magnetic tracking systems
may be preferable. Such magnetic tracking systems are also
well known in the art. Similar to optical markers used in an
optical tracking system, as discussed above, magnetic track-
ing systems typically rely on magnetic coils embedded into or
attached to medical instruments. By generating a magnetic
field and detecting the location of the sensor coils, the posi-
tion and orientation of objects inside a patient’s body can be
determined.

Once the aforementioned image, perspective and instru-
ment position and orientation data is collected, the above-
described combined views can be selectably generated by a
surgeon. One skilled in the art will recognize that careful
registration and ongoing calibration of the various views as
well as the positions and orientations of instruments is essen-
tial to maintaining the accuracy of the integrated views
described herein above. Specifically, if the imaging system is
well calibrated and the image models are correctly registered
to their real counterparts (e.g., anatomic models correspond
closely to the real anatomy of the patient and instrument
models are correctly registered to the real instruments), the
global virtual view will show the position of the instruments
(i.e., instrument tips) in correct spatial arrangement to those
anatomical structures. Such methods of calibration and reg-
istration involve various methods of three-dimensional tex-
ture mapping and image recognition and are well known in
the art. Thus, such methods will not be described in detail
herein. However, once such registration and calibration has
occurred, it can be quickly verified by the physician by bring-
ing an instrument into contact with an anatomical surface. If
the virtual views and representations of the instrument match
the optical view of the instruments (i.e., the sensors indicate
that an instrument contacts a surface when the optical view
shows such contact occurring), then the calibration and reg-
istration have been accomplished correctly.

In the event of an apparent registration error, the user may
in accordance with another embodiment, choose to update the
registration. Specifically, with a tracked instrument, for
example, the user can collect coordinates of anatomical land-
marks and/or of surface points of anatomical structures such
as bones. Using algorithms well known in the art, these points
can be registered (i.e., compared and matched to) the three-
dimensional medical live or virtual medical images described
above. For example, relevant anatomical structures may be
identified in a three-dimensional medical image and the
acquired points of actual anatomical structures can be regis-
tered to the medical images using a well-known iterative
closest point algorithm.

Once correct registration has been achieved, a user can
monitor the progress of surgical procedures and update vir-
tual anatomical models (e.g., those generated from CT and/or
MRI scans), in a similar fashion. Specifically, a user will
collect coordinates of internal anatomical structures and will
then register them with into these virtual models. Once this
registration has occurred, if, for example, an anatomical
structure is removed from the patient, the virtual model can be
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updated to reflect this removed structure by contacting vari-
ous points along the remaining anatomical structures and
recording the points of contact.

One skilled in the art will recognize that various function-
alities can be added to the above-described visualization sys-
tem. First, various methods of zooming into or away from
various points on the views is possible. Such a zooming
function provides a surgeon with any desired viewing dis-
tance from a surgical site in order to provide a desired per-
spective. In addition, other various methods of displaying
various views are possible. For example, a head-mounted
display may provide a stereoscopic view that includes both
virtual images as well as live images. Alternatively, any of
these images may be displayed on an external display. These
images may be recorded, for example, by computer 103 in
FIG. 1 for later viewing. Other variations on viewing the
various displays of the information discussed herein will be
obvious to one skilled in the art in light of the foregoing
discussion.

FIG. 4 shows a method for use in providing a display for a
surgical procedure in accordance with the principles of the
invention described herein above. Referring to that figure, at
step 401, a first set of data corresponding to a three-dimen-
sional view of a patient’s anatomy is retrieved. At step 402, a
second set of data corresponding to a view of an image taken
by an endoscope is retrieved. Then, at step 403, the second set
of data is combined with the first set of data to produce a
desired display to, for example, a surgeon.

One skilled in the art will recognize that a three-dimen-
sional visualization system, such as that described above,
may be implemented on a programmable computer adapted
to perform the steps of a computer program to calculate the
positional and visualization data as described herein. Refer-
ring to FIG. 5, such a visualization system 507 may be imple-
mented on any suitable computer adapted to receive, store and
transmit data such as the aforementioned patient and posi-
tional information. Specifically, illustrative visualization sys-
tem 507 may have, for example, a processor 502 (or multiple
processors) which controls the overall operation of the visu-
alization system 507. Such operation is defined by computer
program instructions stored in amemory 503 and executed by
processor 502. The memory 503 may be any type of computer
readable medium, including without limitation electronic,
magnetic, or optical media. Further, while one memory unit
503 is shown in FIG. 5, it is to be understood that memory unit
503 could comprise multiple memory units, with such
memory units comprising any type of memory. Visualization
system 507 also comprises illustrative modem 501 and net-
work interface 504. Visualization system 507 also illustra-
tively comprises a storage medium, such as a computer hard
disk drive 505 for storing, for example, data and computer
programs adapted for use in accordance with the principles of
the present invention as described hereinabove. Finally, visu-
alization system 507 also illustratively comprises one or more
input/output devices, represented in FIG. 5 as terminal 506,
for allowing interaction with, for example, a technician or
database administrator. One skilled in the art will recognize
that visualization system 507 is merely illustrative in nature
and that various hardware and software components may be
adapted for equally advantageous use in a computer in accor-
dance with the principles of the present invention.

One skilled in the art will also recognize that the software
stored in computer system of FIG. 5 may be adapted to
perform various tasks in accordance with the principles of the
present invention. In particular, such software may be graphi-
cal software adapted to import surface models from anatomi-
cal structures, for example those models generated from
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three-dimensional medical images such as CT or MRI
images. In addition, such software may allow for selective
visualization in a way that allows a user to select which
anatomical structures to include in a virtual view as described
above. The computer system may be adapted to receive real
time tracking information and to display models of the instru-
ments in virtual views of the anatomical models. Such soft-
ware may also permit the reception and display of real time
endoscopic images as well as the switching between real time
images and virtual views. Alternatively, such software may be
adapted to combine real time views with virtual views of
anatomical structures. The software of a computer-based sys-
tem such as visualization system 507 may also be adapted to
perform other functions which will be obvious in light of the
teachings herein. All such functions are intended to be con-
templated by these teachings.

The foregoing Detailed Description is to be understood as
being in every respect illustrative and exemplary, but not
restrictive, and the scope of the invention disclosed herein is
not to be determined from the Detailed Description, but rather
from the claims as interpreted according to the full breadth
permitted by the patent laws. It is to be understood that the
embodiments shown and described herein are only illustra-
tive of the principles of the present invention and that various
modifications may be implemented by those skilled in the art
without departing from the scope and spirit of the invention.
Those skilled in the art could implement various other feature
combinations without departing from the scope and spirit of
the invention.

The invention claimed is:

1. A method of providing a display for use in a surgical
procedure comprising:

receiving a first set of data corresponding to a view of an

image taken by an endoscope;

combining said first set of data with a second set of data to

produce a three-dimensional combined image, said sec-
ond set of data corresponding to a three-dimensional
model of an anatomical structure of a patient, said three-
dimensional combined image comprising the image
taken by the endoscope mapped onto a surface of the
three-dimensional model of the anatomical structure of
the patient to provide an integrated three-dimensional
view of a local area of the endoscope;

receiving a third set of data corresponding to positional

data of a surgical instrument; and

combining said third set of data with said second set of data

to produce a graphical representation of said surgical
instrument on said display,

wherein said third set of data comprises data representing

an optical field of view of said endoscope, said com-
bined image comprises a display of the intersection of
said optical field of view with the 3D model of the
anatomical structure in the patient’s body, and said com-
bined image comprises an image created by texture
mapping said optical field of view of said endoscope
onto the surface of the three-dimensional model of the
anatomical structure of the patient.

2. The method of claim 1 wherein said combined image
comprises a global view from the perspective of a user per-
forming said surgical procedure.

3. The method of claim 1 wherein said combined image
comprises a local view from the perspective of said endo-
scope.

4. The method of claim 1 wherein said second set of data
comprises data corresponding to an image collected by a
computed tomography or magnetic resonance imaging pro-
cess.
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5. The method of claim 4 wherein said combined image
comprises a stereoscopic augmented reality visualization.

6. The method of claim 4 wherein said step of combining
comprises displaying said first set of data as a first view inset
as a video image in a second view, said second view providing
a view of a portion of said image collected by a computer
tomography or magnetic resonance imaging process.

7. The method of claim 6 wherein said first view comprises
a two dimensional image inset into said second view.

8. The method of claim 1 further comprising:

receiving an input from a user; and

displaying an image associated with said first set of data or

said second set of data in response to receiving said
input.

9. The method of claim 1 wherein said combined image
comprises an image from the perspective of said surgical
instrument.

10. The method of claim 1 wherein said third set of data
comprises data representing the optical axis of said endo-
scope.

11. The method of claim 1 wherein said third set of data
comprises data representing the orientation of said surgical
instrument.

12. The method of claim 1 wherein said positional data is
data obtained by a tracking system.

13. The method of claim 12 wherein said tracking system
comprises an infrared optical tracking system adapted to
determine the position of at least a first optical marker.

14. The method of claim 12 wherein said tracking system
comprises a magnetic tracking system adapted to determine
the position of at least a first magnetic coil.

15. The method of claim 1 wherein said surgical instrument
comprises a tracked pointer.

16. The method of claim 15 further comprising:

determining at least a first position of said tracked pointer

in order to register an anatomical model of said patient to
said patient’s anatomy.

17. The method of claim 15 further comprising:

determining at least a first position of said tracked pointer

in order to update an anatomical model of said patient
during said surgical procedure.

18. An apparatus for providing a display for use in a sur-
gical procedure comprising:

means for receiving a first set of data corresponding to a

view of an image taken by an endoscope;

means for combining said first set of data with a second set

of'data to produce a three-dimensional combined image,
said second set of data corresponding to a three-dimen-
sional model of an anatomical structure of a patient, said
three-dimensional combined image comprising the
image taken by the endoscope mapped onto a surface of
the three-dimensional model of the anatomical structure
of'the patient to provide an integrated three-dimensional
view of a local area of the endoscope;

means for receiving a third set of data corresponding to

positional data of a surgical instrument;

means for combining said third set of data with said second

set of data to produce a graphical representation of said
surgical instrument; and

means for displaying said graphical representation of said

surgical instrument,

wherein said third set of data comprises data representing

an optical field of view of said endoscope, said com-
bined image comprises a display of the intersection of
said optical field of view with the 3D model of the
anatomical structure in the patient’s body, and said com-
bined image comprises an image created by texture
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mapping said optical field of view of said endoscope
onto the surface of the three-dimensional model of the
anatomical structure of the patient.

19. The apparatus of claim 18 wherein said combined
image comprises a global view from the perspective of a user
performing said surgical procedure.

20. The apparatus of claim 18 wherein said combined
image comprises a local view from the perspective of said
endoscope.

21. The apparatus of claim 18 wherein said second set of
data comprises data corresponding to an image collected by a
computed tomography or magnetic resonance imaging pro-
cess.

22. The apparatus of claim 18 further comprising:

means for varying the magnification of at least a portion of

said combined image.

23. The apparatus of claim 21 wherein said combined
image comprises a stereoscopic augmented reality visualiza-
tion.

24. The apparatus of claim 21 wherein said means for
combining comprises means for displaying said first set of
data as a first view inset as a video image in a second view,
said second view comprising a view of a portion of said image
collected by a computer tomography or magnetic resonance
imaging process.

25. The apparatus of claim 18 wherein said combined
image comprises an image from the perspective of said sur-
gical instrument.

26. The apparatus of claim 18 wherein said third set of data
comprises data representing the optical axis of said endo-
scope.

27. The apparatus of claim 18 wherein said third set of data
comprises data representing the orientation of said surgical
instrument.

28. The apparatus of claim 18 wherein said positional data
is data obtained from a tracking system.

29. The apparatus of claim 28 wherein said tracking system
comprises an infrared optical tracking system adapted to
determine the position of at least a first optical marker.

30. The apparatus of claim 28 wherein said tracking system
comprises a magnetic tracking system adapted to determine
the position of at least a first magnetic coil.

31. The apparatus of claim 18 wherein said surgical instru-
ment comprises a tracked pointer.

32. The apparatus of claim 31 further comprising:

determining at least a first position of said tracked pointer

in order to register an anatomical model of said patient to
said patient’s anatomy.

33. A non-transitory computer readable medium compris-
ing computer program instructions which, when executed by
a processor, define steps for providing a display for use in a
surgical procedure, said steps comprising:

receiving a first set of data corresponding to a view of an

image taken by an endoscope;

combining said first set of data with a second set of data to

produce a three-dimensional combined image, said sec-
ond set of data corresponding to a three-dimensional
model of an anatomical structure of a patient, said three-
dimensional combined image comprising the image
taken by the endoscope mapped onto a surface of the
three-dimensional model of the anatomical structure of
the patient to provide an integrated three-dimensional
view of a local view of the endoscope;

receiving a third set of data corresponding to positional

data of a surgical instrument; and
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combining said third set of data with said second set of data
to produce a graphical representation of said surgical
instrument,

wherein said combined image comprises an image of the

intersection of an optical field of view of said endoscope
with the 3D model of the anatomical structure in the
patient’s body and said combined image comprises an
image created by texture mapping said optical field of
view of said endoscope onto the surface of the three-
dimensional model of the anatomical structure of the
patient.

34. The computer readable medium of claim 33 wherein
said combined image comprises a global view from the per-
spective of a user performing said surgical procedure.

35. The computer readable medium of claim 33 wherein
said combined image comprises a local view from the per-
spective of said endoscope.

36. The computer readable medium of claim 33 wherein
said second set of data comprises data corresponding to an
image collected by a computed tomography or magnetic reso-
nance imaging process.

37. The computer readable medium of claim 36 wherein
said computer program instructions which, when executed by
aprocessor, define said step of combining comprise computer

12

program instructions which, when executed by a processor,
define the step of displaying said first set of data as a first view
inset as a video image in a second view, said second view
providing a view of a portion of said image collected by a
computer tomography or magnetic resonance imaging pro-
cess.

38. The computer readable medium of claim 33 wherein
said combined image comprises an image from the perspec-
tive of said surgical instrument.

39. The computer readable medium of claim 33 wherein
said positional data is obtained by a tracking system, said
tracking system comprising an infrared optical tracking sys-
tem adapted to determine the position of at least a first optical
marker.

40. The computer readable medium of claim 33 wherein
said surgical instrument comprises a tracked pointer.

41. The computer readable medium of claim 40 further
comprising computer program instructions which, when
executed by a processor, define the step of:

determining at least a first position of said tracked pointer

in order to register an anatomical model of said patient to
said patient’s anatomy.
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